Abstract. The paper formulates joint modeling of a counting process and a sequence of longitudinal measurements, governed by a common latent stochastic process. The latent process is modeled as a function of explanatory variables and a Brownian motion process. The conditional likelihood given values of the latent process at the measurement times, has been drawn using Brownian bridge properties; then integrating over all possible values of the latent process at the measurement times leads to the desired joint likelihood. An estimation procedure using joint likelihood and a numerical optimization is described. The method is applied to the study of cognitive decline and Alzheimer's disease.
Introduction
A detailed description of the evolution of the health of subjects involves considering both continuous processes and events. This is also true when considering an industrial item for which a continuous degradation process precedes the failure. One example in epidemiology is the evolution of the number of CD4 lymphocytes and the onset of AIDS, or of death, in HIV infected patients (see Wulfsohn and Tsiatis, 1997; Faucett and Thomas, 1996) . Another example, which will serve as an illustration of our model, is the evolution of cognitive abilities and onset of dementia. The aims of joint models are in particular a better description of the link of the two kinds of observations, the increase in power to detect factors influencing the evolution, the prediction of the event using the observation of the marker.
An approach of joint modeling tries to directly relate the distribution of the marker and of the time to event (Hogan and Laird, 1997; Faucett and Thomas, 1996) . It, however, seems more interesting to tackle the problem in a stochastic processes framework in which a better description of the dynamic of the phenomena is possible. Stochastic processes were introduced in the modeling of quantitative longitudinal data by Diggle (1988) . A joint model based on latent stochastic processes was proposed by Henderson, Diggle and Dobson (2000) . In this model the latent process acts as a time dependent variable in a proportional hazard model for the event. A different approach defines the event as the crossing of a barrier by a latent process (Cox, 1999) . Aalen and Gjessing (2001) studied the shape of hazard functions for events defined as the hitting time of a barrier by a Wiener process (equivalently a Brownian motion), possibly with drift and random effects. Whitmore, Crowder and Lawless (1998) proposed a joint model in which the event was defined as the crossing of a barrier by a latent Wiener process; the model is quite flexible because the marker is determined by another process which may be correlated to the first. Lee, DeGruttola and Schoenfeld (2000) extended this model to take covariates into account. However, only the case where one observation of the marker, at the time of censoring, was available has been dealt with.
The aim of this paper is to pursue the latter approach of modeling, for mainly two reasons: defining an event in this way fits conceptually well to the modeling of dementia (dementia can really be considered as defined as having cognitive abilities below a certain level); mathematically the model is nice because the hitting probabilities can be computed by relatively simple formulas for the Brownian motion. Nevertheless, considerable numerical difficulties arise, but they can be dealt with. We shall present a joint model for a marker and an event based on a latent process modeled linearly as a function of explanatory variables having fixed or random effects and driven by a Brownian motion. The event of interest occurs when the latent process hits a barrier. We may have either exact or interval-censored observations of the hitting time and the process is indirectly observed at discrete times by a marker.
This model is described in section 2. In section 3 the likelihood for the observations is given; the case where the observations are left-truncated is treated. In section 4 an algorithm, based on a version of the Newton-Raphson algorithm, is proposed. A simulation study is presented in section 5, which in particular illustrates the gain in precision obtained by using the joint information as compared to using only the marker information. In section 6 a joint model of the onset of dementia and observation of a psychometric test is fitted on the data of the Paquid cohort study. Section 7 concludes.
Model

Definition of the Model
We consider that all observations of markers and events depend on latent processes Ã i (t), i ¼ 1, : : : , n. In our application we think of the latent process as the cognitive ability of the subject; it is modeled as a function of explanatory variables and a stochastic term, W i (t), which is taken to be a standard Brownian motion (a variance parameter would not be identifiable). The model is as follows:
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